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ABSTRACT

The original objective of Project 8.4-1 was to evaluate the
attenuation, by an operational fog oil smoke screen, of the thermal
radiation resulting from the detonation of a nuclear device, and to
collect data to verify the theoretical calculations on the above be- @ S
ing developed concurrently under contract to the Chemical Corps.

It was originally planned to conduct this evaluation on Shot 9
with an operational smoke screen set-up with smoke generators, and/or
smoke pots. Thermal flux data wvere to be obtained under the smoke
screen at distances varying from 2600 to 6500 ft from ground tero of
the nuclear device detonated 2420 ft in the air. Adverse wind condi- 0 •
tions and possible interference with the overall test program under
these wind conditions resulted in the last-minute cancellation of the
smoke screen test.

,ith instrumentation recovered from Shot 9, and new Instrumen-
tation fabricated in the interim period, a preliminary evaluation was
rapidly planned for Shot 10. The objective of this evaluation was to 0 .
obtain partial data for the preliminary analysis of the Thermal Radia-
tion Attenuating Clouds (TRAC) program and to obtain data applicable
to future planning for a full-scale evaluation of an operational smoke
screen. A single instrumentation station was located at a slant range
of 2238 ft from the detonation of the nuclear device approximately
500 ft in the air. The smoke screen for this test was established with @4
175 smoke pots which ringed the station on a 200 ft and 300 ft diameter
r ing.

Analysis of the photographic records of the test has shown that
the carbon s-moke screen, also set up on Shot 10, intercepted the ther-
mal radiation incident upon the fog oil smoke screen evaluated by this
project. This carbon smoke screen, therefore, contributed to the re-
duction of thermal radiation measured at the single instrumentation
station. The photographs enabled some estimation of the reduction due
to the carbon and fog oil smoke screens individually.

The measured thermal flux in the direction of air zero with 1800
field of view calorimeters was 0,8 ± 0.1 oal/sq cm at a single station
located 2238 ft from air zero. The measured flux with two other types •
of instruments was less than 0.7 cal/sq cm. The incident thermal flux,
without smoke present, at this distance was 57.5 ± 5.0 cal/sq cm. The
attenuation of radiant energy by the carbon and fog oil smoke was there-
fore 98.6 + 0.3 per cent, Based upon the attenuation of radiant energy
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• S
measurements made solely on the carbon smoke it has been estimated
that the carbon smoke screen reduced the incident thermal radiation
from 57.6 to 6.8 cal/sq cm. The estimated attenuation of thermal
radiation by the fog oil smoke screen was, therefore, from approxi-

r mately 6.8 to 0.8 cal/sq am, or 85 to 90 per cent.
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FOREWORD

This report is one of the reports presenting the results of the
78 projocts participating in the Military Effects Tests Program of
Operation UPSOT-ANOTHOLE, which included 11 test detonations. For
readers interested in other pertinent test information, reference is • *
made to WT-782, Summary Report of the Technical Director, Military
Effects Program. This summary report includes the following informa-
tion of possible general interest.

a. An over-all description of each detonation, including
yield, height of burst, ground zero location, time of Odetonation, ambient atmospheric conditions at detonation,

eto,, for the 11 shots.

b, Compilation ind correlation of all project results on
the basic measurements of blast and shock, thermal
radiation, and nuclear radiation.

o. Compilation and correlation of the various project re-
sults on weapons effects.

d. A summary of each project, including objectives and
results.

e. A complete listing of all reports covring the Military
Effects Tests Program.

5 0 .
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PREFACE

The thermal radiation attenuation studies reported herein weo-%
undertaken by the Chemical Corps to determine the feasibility of mini-
mizing by fog oil smoke screens the effects of thermal radiation from
the detonation of a nuclear device.

In the detonation of a nuclear device in a clear atmosphere
the thermal radiation in received on a direct line upon any surface
facing the source. By introduoing a fog oil smoke screen between the
detonation point and objects within or beneath the screen this direct
radiation is reflected and scattered. The results of this scattering,
therefore, should be to decrease markedly the amount of radiation re-
oeived on an object within or beneath the screen to a value sufficient
to minimize burn-production or fire-ignition.

A full-scale evaluation was scheduled for conduct on Operation
UPSHCw-MnMTHOLEp Shot 9 (8 May), but was cancelled just prior to
detonation because of adverse wind conditions and possible interference
with the overall test program. The complete test planned for Shot 9
was to provide all the data necessary for field evaluation of opera-
tional screens and verification of the theoretical calculations being
doveloped concurrently. A limited evaluation was then rapidly planned
for Shot 10 (25 May), to obtain partial data for the preliminary
analysis of the Thermal Radiation Attenuating Clouds (TRAC) program
and obtain data applicable to planning for a future full-scale evalua-
tion of an operational screen. It is believed that the information
obtained from this study will assist in evaluating this protective
measure, available to the Department of Defense and the Federal Civil
Defense Administration, for the protection of material and personnel
from the thermal effects resulting from such a detonation.

* 0
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CHAPTER I

INTRODUCT ION

1.1 OBJECTIVE 0 0

The original objectivtis of Project 8.4-1 were to evaluate the
attenuation, by an operational fog oil smoke screen, of the thermal
radiation resulting from the detonation of a nuclear device, and to
collect data to verify the theoretical calculations on the above, be-
ing developed concurrently under contract to the Chemical Corps.

:4 ]ollowing the cancellation of the original experiment, a limi-
ted experiment was designed, using a single instrumentation station
with a fog oil smoke screen established by smoke pots, with the fol>,*W-
ing objectives:

(1) To collect limited data to verify the theoretical calcula-

tn (2) To collect limited data to indicate the potential effective-
ness of an operational fog oil smoke screen in attenugting thermal
radiation

(3) To proof-test Instrumentation methods and test procedures
and,

(4) To obtain data applicable to the planning of a possible fu-
ture full-scale evaluation of an operational screen.

The purpo-e of this study was to determine the effectiveness of
an oil fog smoke screen in scattering thermal radiation. In a clear
atmosphere, thermal radiation normally reaches an object on a direct
line from the bomb source. By introducing a smoke screen the radiation
is scattered away from objects within the screen, and the radiation which
reaches the object does so from many directions, thereby minimizing
burn-production and fire-ignition.

1.2 HISTORICAL

The basic concepts of the protection from thermal radiation pro-
duced by the detonation of a nuclear device were initially proposed by
Condit et al. IV From their studies they concluded that a smoke screen
is a measure which can be quickly applied over a large area for use in
an emergency. Hulbert et al 2! analyzed the effects of fog, clouds and

tlb 16
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smoke on thermal radiation from atomic bombs and concluded that fog or
smoke around the target reducea the thermal radiation to a point where
the reduction in of practical importance. They also stated that spe-
cial experimentation would not only be difficult to perform, but would
c,•ntribute little to what may be derived from present knowledge.

Brown and Goshe a used the sun as a source of thermal radiation
and experimentally determined that fog oil smoke screens produced by
M2 smoke generators reduced the solar radiation from 50 to 90 per cent,
depending upon the concentration. They recommended a study be made at
the Nevada Proving Grounds using operational fog oil smoke clouds to
obtain more accurate operational data.

In October, 1951, the Chemical Corps requested a test project for
Operation TUMBLER-SNAPPER in the spring of 1952 to evaluate the effec-
tiveness of fog oil smoke screens against thermal radiation. This re-
quest was deferred by action of the Armed Forces Sp)oial Weapons Project
(AFSWP) and the Research and Development Board as being more suitable
for conduct at Operation KNOTHOLE scheduled for the spring of 1953. A
preliminary test of methods and procedure to be used in the KNOTHOLE
evaluation was originally approved for Operation UPSHOT, planned for the
fall of 1952. UPSHOT was subsequently deferred and the preliminary test
requirement cancelled.

Project East River 4/ made a study of the feasibility of using
thermal radiation attenuatsng clouds. In their report to the Secretary
of Defense, The Chairman, National Security Resources Board and The Ad- @
ministrator, Federal Civil Defense Administration, it was stated that
the use of a fog oil smoke cloud for shielding against radiant energy
offered such great promise that their recommended research program
should be implemented without delay. This report is known as the TRAC
Report published by the Associated Universities, Inc.

In February, 1952, The Chief, Special Projects Offico, Chemical
Corps Research and Engineering Command, in an unnumbered memorandum to
The Commanding General, Chemical Corps Research and Engiueering Command,
recomended that the Chemical Corps immediately initiate a project to
develop the programs outlined in the TRAC Report. Subsequent meetings
between the Assistant Chief of Staff, G-4, AFSWP, and the Chemical Corps
resulted in directives from these two agencies auwhorizing the Chemical 0_
Corps to initiate meteorological studies, theoretical inv6stigations.
and field tests to determine the effectiveness of thermal radiation at-
tenuating clouds.

laboratory studies were also initiated at the Army Chemical Center
employing a searchlight source of radiation in a large warehouse (ap-
proximately 75 ft long, 35 ft wide and 20 ft high) used as a smoke cell.
Measurements made under these conditions indicated that approximately
70 to 80 per cent attenuation of thermal radiation could be expected
from a 100 ft path length of oil fog aerosol of 20 to 26 micrograms per
liter concentration. Based upon this and additional data preliminary
calculations were made of the radiation to be expected beneath the oil
fog screen on the UPSHOT-KNOTHOLE tests. 1 0
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1.3 THEORH ICAL

The mechanics of the generation of radiant energy by the detona-
tion of a nuclear device have been described. §/ Its propagation
through the atmosphere has been studied, both theoretically j/ and ex-

perimentally. 8_/9/ LO/ I! However, these studies have been primarily
concerned with-unfdireotl-6nal flux undergoing normal atmospheric at-
tenuation by scattering and absorption.

When a fog oil aerosol is placed between the source and reoeiver,
radiant energy attenuation is markedly increased. Since this aerosol
is compoeed of fog oil droplets which are essentially transparent
scattering bodies, j2/ the attenuation is principally a parameter of 0
multiple scattering and depends to a much lesser extent upon the ab-
sorption function.

Measurements of the incident and transmitted radiant energy can
readily be made. However, with a scattering smoke screen the field of
view of the detectors used to determine the transmittance is of con-
siderable Importance. Measurement of incident radiation is the measure- S •
ment of a unidirectional flux, since air scattering is essentially
negligible. Measurement of the transmitted radiation beneath a smoke
screen is the measurement of a multidirectional flux. Thus, the ratio
of transmitted to incident radiation, or the transmittance, is not a
dimensionless quantity. The use of collinmted detectors with identical
fields of view would satisfy the requirements for a dimensionless quan- 0 0
tity, but fail to give a complete description of the reduction of thermal
radiation afforded by the aerosol. Any transmittance will be valid only
for the particular spatial orientation of the collimated detectors and
consideration must be given to the contribution of all spatial orienta-
tions of such detectors 0

The thermal effects upon any unit area of a plane surface ,0 S
oriented in space is a function of such parameters as distance, total
energy, and rate of delivery. Under field test conditions without
smoke present, the incident beam, although undergoing a measurable

Samount of scattering and absorption, can be considered a unidirectional
flux if the distance is small compared to the visibility. Any detecting
inetrument having a limited field of view will thus receive the major
portion of the flux.

When the incident radiation impinges upon a fog oil aerosol,
scattering which occurs in the upper layers causes some of the radiation
to leave the aerosol cloud. This is referred to as reflection or al-
bedo. The radiation which penetrt~tes into the aerosol cloud is mu~ti-
ply scattered. The radiant energy which will eventually irradiate any S •
unit plane surface in or below the Cog oil aerosol can arrive at this
surface through a maximum angle of 2 n steradians. Since the receptioL
of radiant energy is of short duration, the thermal effects on any unit
area plane surface in or below the cloud will be a function of the total
integrated flux over an angle of 2n steradiens.

If the transmittance is defined as the ratio of the cumulative A 0 I
fluxes received with and without smoke present over an angle of 2 n
steradians by unit area plane surfaces having the smoke orientation,
and the spatial distribution of the radiant energy is determined, a more

17 _
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realistic interpretation of the true attenuation afforded by an oil fog
aerosol can be made. For this reason instruments Re described in later
sections were constructed so that they would have fields of view as
closely approaching an angle of 2 n steradians an feasible.

To obtain a verification of the flux measured in various spatial
orientations by detectors having an angle of view of 2 n steradians, 5 "
a 4 n geometry detector was also employed at a limited number of
stations.

,O •
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CHAPTER 2

EXPERIONTAL PROCEDURE

2.1 -ENRA

This evaluation was originally scheduled for conduct on Shot 9
(8 May). For this teat an atomic weapon of approximately nominal
yield was to be air-dropped and detonated at an altitude of 2400 ft.
The entire area east of a north-south line through ground zero was as-
signed for the oon(ýuct of this project.

Following the cancellation or thee smoke screen experiment on Shot ,
9, a limited experiment was designed with a single partially instrumen-
ted station located 2166 ft from the planned ground zero for Shot 10.
Smoke pots were used to provide a smoke screen over this single station.
A nuclear device was detonated at 500 ft over ground zero for this shot.

2.2 TEST lAYOUT

2,2.1 Full Scale Evaluation - Shot 9

On the basis of preshot planning information furnished by the
Directorate of Weapons Effects Tests, the instrumentation station layout
specifically for this project was established as shown in Fig. 2.1. 1
Three major instrument stations were located on the smoke line at 2500,
4500, and 6500 ft from the planned ground zero. Two secondary instru- .
ment stations were located on the smoke line at 3500 and 5500 ft from
the planned ground zero. Three secondary instrument stations were lo-
cated on the blast and thermal instrument line outside of the smoke screen
at 2500, 4000, and 5000 ft from the planned ground zero. These stations S
were in addition to the basic thermal instrument line stations.

As the primary source for production of a smoke screen 50 E19R3
smoke generators were placed on a line approximately 1000 ft north and
parallel to the smoke instrumentation line and on an arc of 1000 ft
radius southwest, west and northwest of the 2500 ft station. Due to the
lack of complete micro-meteorological information construction for an 0
alternate generator line was established 1000 ft south and parallel to
the smoke instrumentation line. This latter generator line was used for
all preliminary smoke screen experiments. This layout of primary and

419
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and secondary generator pit locations is shown in Fig. 2.2. In the B
event adverse wind conditions prevented the firing of part or all of
the generators the three primary instrument stations were each ringed
with a primary ring of 72, and a secondary ring of 60 Smoke Pots,
Floating, UK 5, Mod. 2 on a 150 ft radius circle. Firing of the smoke
pots and the E19R3 generators was controlled from the control point
with a selective firing system of five manually operated circuits.

One set of remote reading wind direction and velocity gages
was installed 2200 ft from ground zero on the smoke instrumentation
line. The gages were mounted on a 30 ft pole. This equipment provi-
ded a reading in the control point of local wind direction and velocity
in the test area. The two E19RI5 generators closest to ground zero were
connected to a separate circuit to provide smoke during the wind run 0
of the bomb-drop aircraft. The observation by the bombardier of ground
zero over this preliminary smoke plume and the observation of the smoke
plume behavior by a ground observer, coupled with the observation of
the wind direction and velocity gage reading, was to assist the Tech-
nical Director of the Military Effects Group in determining the smoke
pots and/or generators to be fired. 0 0

A complete listing of the instruments and measurements made at
each station is given in Table 2.1.

TABLE 2.1 - Station Instrumentation and Measureymnts

Instru*entation Measurements

Station Distance CRL Ball USNRDL INL Cosine Spectral Spatial Total
No. from Calori- Disc Law Atten- Distri- Distri- Fluxeet

GZ (ft) eter Calorim- uator Cal- bution bution .@ ..... . ........
S~eter orimeter..•

F-424 2500 x :X x x x x

F-4+28 3500 x

F-429 4500 x xx x x x

5500 x x

F-430 6500 x x x x x

F-202 2500 x x x

F-206 4000 x x x

F-210 5000 x x x

211

KLA2 ,-00

550 I 'S C

F- .....• .. 6500 x x x •
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2.2.2 Preliminary Experimental Evaluation - Shot 10 0 0

A preliminary experiment was designed to obtain a limited amount
of data after the cancellation of +he teot planned for Shot 9. One
station was located 2166 ft from the planned ground zero on a true bear-
ing of 1200, southeast from ground zero. This location was 2205 ft from
the actual ground zero. The slant range from air zero to this station
was 2238 ft. The location was chosen since the expected peak over-
pressure and thermal radiation were approximately the same as previously
expected at the 2500 ft station on Shot 9.

This station was instrumented with one U. S. Naval Radiological
Defense Laboratory disc calorimeter assembly in a goniometric pattern,

using three n steradian field of view detectors and nine 2 n steradian 0 0
field of view detectors; with two maximm indicating Chemical and Radio-
logical laboratories ball calorimeters; with two electrically recording
C&RL ball calorimeters; with two complete Naval Material Laboratory co-
sine law attenuator calorimeter installations; and with one Naval Ma-
terial laboratory passive reooeiver assenbly for spectral measurements.

To provide smoke, Smoke Pots, Floating, ME 5, Mod. 2 were set 0 0
out on two concentric rings 200 ft and 300 ft in diameter around the
instrumentation station. Ninety-three Smoke Pots were located on the
300 ft diameter ring. There were one hundred sixty-five smoke pots lo-
cated on the 200 ft diameter ring, with alternate smoke pots connected
to each of two firing circuits. One of the two 200 ft ring firing cir-
cuits was also connected to the ninety-three smoke pots on the 300 ft 0
ring. Thus, either ninety-three smoke pots on the 300 ft ring and
eighty-three smoke pots on the 200 ft ring, or eighty-two smoke pots
on the 200 ft ring could be fired, depending upon the wind conditions
and the smoke concentration desired.

2.3 THERMAL INSTRUMENTATION

* 2.*.2 Ball Calorimeters

This instrument is a modification of the Naval Research labora-
tory gas calorimeter. A U-type pressure indicator has been substituted
for the original bellows type. The gas pressure increase due to absorp- 0 0
tion of radiant energy by the blackened copper shell of the calorimeter
is directly related to the amount of incident radiant energy. The sup-
porting neck of the ball has been redesigned so that only 2.4 per cent
of the surface area of the ball is unaffected by radiant energy and it
essentially receives radiation from a 4 n steradian field of view. Re-
cording devices are of two types: 0 0

1. Maximum thermal flux recorder
2. Continuous thermal flux electrical recorder
The maximum thermal flux type ball calorimeter measures the total

thermal radiation incident on its spherical detector. The U-type pressure

.0 •
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